Aims: This research aims at testing the efficacy of different botanical leaf extracts, (Lantana camara, Moringa oleifera and Tagetes minuta) on soft rot fungi, Rhizopus stolonifer in vitro. Study Design: The experiment was carried out in a 3*2 Factorial arrangement +2 controls in a Complete Randomized Design replicated three times. Place and Duration of Study: Department of Agronomy Laboratory, Midlands State University, Gweru, Zimbabwe. The research was done between April 2016 and May 2016. Methodology: Antifungal activity of the plant extracts was tested using the poisoned food technique. Colony diameter, percentage inhibition of the growth of mycelium and identification of functional groups in botanical leaf extracts were done. Mycelia growth diameter of the R. stolonifer was measured at day 3, 5, and 7 after inoculation. Identification of functional groups was done using the FT-IR Spectroscopy. Results: There was an interaction between botanical plant type and concentration rate. L. camara at 60% concentration was most effective in controlling R. stolonifer, with a colony diameter of (4.3 Manenji et al.; JAERI, 11(2): 1-8, 2017; Article no.JAERI.28371 2 cm) and an inhibition percentage of (48%). M. oleifera and T. minuta at 30% concentration gave the lowest colony growth inhibition of 30% and 31% respectively. FT-IR Spectroscopy confirmed the presence of phenols, alkanes, alkenes, anhydride and alkyl halide in all the three extracts. Amines were only detected in L. camara extract.
INTRODUCTION
Postharvest losses as a result of fungal infection occur when products are stored for an extended period of time at cold or high temperatures or as a result of mechanical damage during storage or transport [1] . Post-harvest diseases are posing a major problem to the agriculture industry, where they account for about 50% losses in fruits stored in poor storage conditions, [2] . The most important fungi causing post-harvest diseases of plants are Aspergillus spp., Alternaria spp. and Rhizopus stolonifer [3] . Rhizopus stolonifer (Ehrenb.: Fr.) Vuill. is the causal agent of Rhizopus rot disease in various fruits and vegetables, [4] . The fungi sometimes cause catastrophic rots as sporangiospores in air, water and land are disposed on wounds of fruits and vegetables after postharvest, [5] . R. stolonifer secretes pectinolytic enzymes which break down and dissolve pectic substances of middle lamella that hold the plant cells in place in the tissues [6] . This results in loss of vegetable and fruit quantity and quality. Rhizopus soft rot diseases destroy on average 10-30% of the total yield of crop, with more than 30% being recorded in developing countries, [7] .
Reduction of post-harvest food losses is a critical component of ensuring future global food security, [8] . Post harvest handling methods have been used to prevent and control the Rhizopus soft rot which involves the use of fungicides, manipulation of the postharvest environment, hygiene practices, prevention of injuries and heat treatments, [9] . Synthetic fungicides have been mainly used for the control of Rhizopus soft rot. Despite their popularity and extensive use, serious concerns about health risks arising from the exposure of farmers when mixing and applying pesticides or working in treated fields and from residues on food and in drinking water for the general population have been raised, [10, 11] . Most of the effective fungicides also are expensive and unaffordable to resource constrained smallholder farmers [12] . Research has been done using different botanical extracts on fungal diseases. Natural products present many advantages in terms of sustainability, mode of action and toxicity compared to chemical pesticides, [13] . The objective of this study was to evaluate the potential of Tagetes minuta, Moringa oleifera and Lantana camara on reduction of R. stolonifer growth in vitro.
MATERIALS AND METHODS

Research Site
The experiment was carried out under laboratory conditions at Midlands State University in Gweru, Zimbabwe.
Experimental Design
The experiment was laid out in a 3*2 Factorial arrangement + 2 controls in a Complete Randomized Design replicated three times. Mancozeb was used as the positive control and distilled water as the negative control. The experiment had two factors; botanical type (L. camara, M. oleifera and T. minuta) and extract concentration (30% and 60%). 
Isolation and Identification of Fungi from Rotten Tomato Fruits
Agar plate method developed by Narayanasamy 2011 [14] with slight modification was used to isolate the fungal organisms from the tomato fruits. Small segments of tissues (2 mm²) from the margin of rotted areas were cut using sterile scalpel and transferred into a prepared Potato Dextrose Agar (PDA) plates. The plates were incubated at 25±2°C for 5-7 days and the isolated fungal colonies were purified by subculturing.
Morphological and microscopic characteristics of the pure cultures were used for identification of the isolates following standard references [4] . The colony morphology used includes color of spores, presence or absence of pigmentation, elevation and nature of mycelia. Microscopic characteristics used for the identification include the type and shape of asexual and sexual spores, presence or absence of cross walls in hyphae, presence or absence of sterigmata and the sporangiophores.
Preparation of Extracts from L. camara, M. oleifera and T. minuta Leaves
Fresh leaves of L. camara, M. oleifera and T. minuta were harvested locally within the Midlands State University campus, rinsed in distilled water and air dried for three days. The leaves collected were at flowering stage of growth and one kilogram was weighed. Two hundred and fifty grams of air dried leaves were mixed with 250 ml of distilled water in a two litre volumetric flask and the mixture was homogenized for 10 minutes in a warring blender and sieved with sterile muslin cloth folded three times. The liquid obtained in each case was centrifuged at 5000 rpm for 30 minutes, after which the supernatants were decanted off and the sediments were collected for use, [15] . Ten grams of sediments were mixed with 10 mls of distilled water and shaken vigorously to produce 100% concentration. 30% and 60% concentrations were then prepared.
Inoculation of Fungal Isolates in Plates with PDA and Leaf Extracts
Two perpendicular lines were drawn at the bottom of the Petri dishes. The point of intersection indicates the centre of the plates. This was done before dispensing the PDA into each of the plates. The botanical leaf extracts of L. camara, M. oleifera and T. minuta were poured into the flask, plugged with cotton and heat sterilized to avoid contamination. Botanical plant extracts at a volume of two ml were introduced into the Petri dishes containing the media. The pure isolate of R. stolonifer was placed at the point of intersection of the two perpendicular lines drawn at the bottom of the plate.
Identification of the Functional Groups from the Botanical Leaf Extracts
Identification of functional groups was done using Fourier Transform Infrared Spectroscopy (FT-IR). Botanical leaves of L. camara, M. oleifera and T. minuta were collected from Midlands State University Campus. Fresh leaves were weighed and 1kg of each plant leaf type where rinsed with distilled water and air dried for three days. The dried leaves were blended into very fine powder and weighed (0.01g). Pure Potassium Bromide (KBr) was crushed using an agate pestle and motor and 0.1g was weighed. The leaf extract sample was mixed with KBr at a ratio of 1 (powdered sample):100 (KBr). The sample mixture was then grinded together for about three minutes after which it was compressed in a barrel tightened at both ends to make pellets or discs. The pellets were then one at a time put into the FT-IR sample holder and absorption and percentage transmission were recorded, [16] .
Data Collection
Mycelia growth diameter
A 30 cm rule was used to measure the diameter starting at the point of intersection marked by the two perpendicular lines on Petri dishes as previously mentioned. Measurements were recorded at day 3, 5 and 7.
Inhibition of growth percentage
Inhibition growth percentage of the botanical leaf extracts to mycelia growth was calculated using the formula below [17] ;
Inhibition percentage = (G c -G t / G c )*100
Where G c = mean mycelia diameter in control plate and G t= mean mycelia diameter in extract plates
Identification of functional groups in the botanical extracts
The FT-IR spectra for all the three botanical leaf powders extracts were obtained and the effective peaks were compared with the IR frequency absorptions from literature. The peak value in the region of infrared radiation was used to identify the functional groups of the active components. The specific wave numbers lengths and intensities were considered.
Statistical Analysis
Data on mycelia diameter and inhibition growth percentage was analysed using Genstat version 14. Significantly different treatment means were separated using LSD at 5% level of significance.
RESULTS AND DISCUSSION
Effects of Botanical Leaf Extracts (L. camara, M. oleifera and T. minuta) on R. stolonifer Colony Diameter
There was an interaction (P = 0.002) between botanical leaf type and concentration level on colony diameter. L. camara resulted in the lowest colony diameter at 60% concentration of the extract. T. minuta at 60% concentration gave the lowest colony diameter. There were no statistical differences among all the M. oleifera and T. minuta treatments on their effects on the growth of R. stolonifer mycelium.
Effects of Botanical Leaf Extract (L. camara, M. oleifera and T. minuta) on Growth Inhibition Percentage of R. stolonifer
There was an interaction (P = 0.006) between botanical leaf extracts and concentration on inhibition of growth percentage of R. stolonifer. There was a significant difference (P = 0.006) on the effects of different botanical leaf extracts on inhibition growth percentage of R. stolonifer. M. oleifera and T. minuta extracts at 30% concentration had the least inhibition of growth percentages, (30% and 31% respectively). L. camara at 60% concentration gave the highest inhibition of growth percentage of 48%, (Fig 2) . Generally, growth inhibition percentage increases with an increase in concentration.
Identification of Functional Groups
Identification of functional groups in
M. oleifera
The identification of functional groups was based on the FT-IR peaks attributed to stretching and bending vibrations. The FT-IR Spectra for M. oleifera leaf extract powder had characteristic absorption bands of 3439.14 cm (Fig. 3) . The peak at 3439.14 cm -1 confirmed a strong intensity of alcohols and phenols. The peak at 1635.45 shows the presence of alkenes, though the intensity is variable. Alkanes were ) and the intensity at this range is also variable. The peak at 1075.32 cm -1 confirmed a strong intensity of anhydride. A strong intensity of alkyl halide was also noted at a peak of 605.21 cm -1 . (Fig 4.) . A strong intensity of alcohols and phenols was detected (3413.61 cm -1 ). There was also a strong intensity of alkanes, (2928.09 cm -1 ). The peak at 1639.44 cm -1 showed the presence of alkenes though the intensity was variable. Amines (1258.53 cm -1 ) were detected though the intensity was medium to weak. Strong intensity of anhydride and alkyl halide was also confirmed (1071.15 cm -1 and 619.88 cm 
Discussion
From the investigations, a reduction in R. stolonifer mycelia growth was observed due to the effect of botanical plant extracts. According to Naz and Bano [18] these effects are attributed to allelochemical activity. The studied plants contained bioactive compounds which include alcohols, phenols (phenolics), alkenes, alkanes, anhydrides and alkyl halide. However, the specific compounds in these broad groups could not be determined. Phenolics are broadly distributed in the plant kingdom and are the most abundant secondary metabolites of plants, with more than 8,000 phenolic structures currently known, ranging from simple molecules such as phenolic acids to highly polymerized substances such as tannins. Plant phenolics are generally involved in defense against pathogens [19] . The effect of phenols on Rhizopus spp is direct interaction with the ergosterol, the main sterol present in the fungi and is essential for the proper growth and development of it. This leads to the disruption of the membrane integrity, fluidity and loss of the intracellular content that leads to the mortality of the fungal pathogen [20] . Tsukamoto et al. 1994 [21] reported the antifungal activity of alkenes and alkanes.
L. camara at 30% concentration gave the lowest colony diameter as well as the highest inhibition of mycelia growth of 48%. In addition to the phenols, alkanes and alkenes, L. camara also contained amines. Subík et al. [22] documented the antimicrobial activity of amine oxides were inhibition of growth of different forms of filamentous fungi was observed. However, the FT-IR spectra does not give the specific types of amines present so that the actual effect on R. stolonifer can be explored. For all the plant extracts tested, the higher concentration (60%) gave a higher inhibition of the growth of mycelium. This could be due to the higher concentration of the biologically active compounds in the plant extracts. Though L. camara at 60% concentration gave the highest inhibition percentage (48%), this was 52% lower than the standard chemical pesticide (Mancozeb). In a research by Al-Rahmah et al. [23] it was noted that, although L. camara was effective in controlling Pythium aphanidermatum at 10 mg ml-1, it was ineffective in controlling the other tested fungal species and higher concentrations more than 10 mg ml-1 were required to be effective. This suggests that L. camara could be more effective at a concentration higher than 60%, which was this highest concentration used in this research.
The low efficacy of the extracts might also be due to the extraction methods used. In a study by Boeing et al. [24] it was observed that acetone/water (70/30, v/v) solvent mixture was more efficient solvent in the extracting of phenolic compounds than other solvents. This shows that the solvent used for extraction of plant active compounds has an effect on the type and amount of biologically active compounds obtained.
CONCLUSION
The results showed that the least diameter for mycelia growth was 4.3 cm, (L. camara at 60% concentration). M. oleifera and T. minuta at 30% concentration gave the lowest colony growth inhibition of 30% and 31% respectively. FT-IR Spectroscopy confirmed the presence of phenols, alkanes, alkenes anhydride and alkyl halide in all the three extracts, amines were only detected in L. camara extract. The method, (FT-IR Spectroscopy), however, does not quantify the amounts of active compounds in the plant extracts. In future research, it is therefore recommended to quantify the active compounds in the plant extracts.
